The data used in this study come from two sources. The first data source is a compilation of detailed play-by-play records for 8,102 regular season basketball games played between November 2003 and March 2008 downloaded from the website statsheet.com. The raw play-by-play data consists of a list of game events for each team (i.e., shot attempts, rebounds, and turnovers) and, for each event, the time remaining in the game when the event occurred. These 8,102 games exclude games for which the play-by-play record is insufficiently detailed to allow an accurate calculation of the time elapsed from the shot clock at the conclusion of each possession. 1 The second data source is a set of gambling point spreads for 24,868 regular-season games played during the same time period. This data is publicly available from the website covers.com. Merging these two data sources by the two team names and the game's date shows that the intersection contains 5,258 games. Data from those 5,258 games are used to construct a data set for analysis.
3. Flag events that reset the shot clock. These include made shots, fouls, turnovers, and rebounds.
4. For each event, compute the time elapsed from the shot clock when the event occurred as the difference between the game time at which the event occurred and the game time at which the shot clock was most recently reset. 2 5. Reshape the dataset from one containing one observation per event to one containing one observation per possession. For possessions including multiple events, maintain the record of the event sequence that occurred during the possession, and the possession's duration. The possession's duration is the time elapsed from the shot clock at the time of the possession's final event.
6. Code each possession to one of the model's terminal events. For possessions ending with a turnover, a made or missed 2-point shot, or a made or missed 3-point shot, this coding is straightforward. In other cases, use the following rules. Possessions in which a defensive foul was committed during a 2-point shot attempt are coded as successful 2-point shots. Possessions in which a defensive foul was committed during a 3-point shot attempt are coded as successful 3-point shots. 3 Possessions that end with an offensive foul are coded as turnovers. Shot clock violations are coded as turnovers occurring in the final second of the shot clock. 9. Exclude possessions from the analysis if they end with a defensive foul for which no free throws are awarded.
I create a second dataset containing one observation per observed free throw. Each observation in this dataset describes the point spread of the game in which the free throw occurred, the team that attempted the free throw, the game time at which the free throw occurred, and the result of the free throw.
Appendix C: Marginal rate of substitution between time and points across game states
C.1 Theoretical evidence
The strategy for estimating the model's structural parameters described in Section 3 hinges on the assumption that the marginal rate of substitution between time and
points is approximately zero in the first halves of games. To better understand why one might expect the marginal rate of substitution between time and points (φ) is close to zero early in games, first consider one special case of the fully dynamic game in which the value function, and hence φ, can be approximated with a closed-form expression. Specifically, consider a game between two evenly matched teams in a setting where "stalling" and "hurrying" are equally costly in terms of foregone expected points per possession. In this case, teams' state-specific adjustments in pairs of possessions will offset one another, and the game's score will evolve approximately as a random walk. By the central limit theorem, the value function (probability of team A winning) with a current score differential of X at t seconds into the game can be approximated by
where () is the normal CDF, σ is the average standard deviation of the score differential per second, and T − t is the number of seconds remaining in the game. Making use of this expression, the maginal rate of substitution between time and points is approximately
This expression suggests two reasons to expect the φ to be small in absolute value during the first half of games. First, point differentials X are on average smaller in absolute value during the first halves of games than later in games. Second, and probably more importantly, the absolute value of φ declines geometrically in the amount of time remaining in the game for any given score differential, since T − t appears in the denominator. Since in the first half one possession is only a small fraction of the total time remaining, adjusting possession duration has a small impact on win probabilities compared to the impact of accumulating a larger scoring lead. This expression suggests that for a given score differential, teams' incentives to hurry or stall may be an order of magnitude smaller during the first halves of games than at the end of games. For example, if team A leads by 10 points with 1 minute left in the game the approximation yields φ(10 39 × 60) ≈ 0 083, but if team A leads by 10 points midway through the first half of the game the approximation yields φ(10 10 × 60) ≈ 0 003.
C.2 Empirical evidence
While this calculation seems to support the assumption that the marginal rate of substitution between time and points is small during the first half of games, it is important to verify that the assumption holds empirically, since as emphasized throughout the paper, the actual basketball scoring environment is not one in which stalling and hurrying are equally costly. To do this, I compute nonparametric estimates of φ across all game states and point spread categories. I first nonparametrically estimate the probability of the favorite winning conditional on the time remaining in the game, the favorite's current lead, and the pregame point spread. The estimating equation is
with i indexing games and j indexing individual possessions. Specifically, I estimate local linear regressions with respect to X ij and t ij across a grid in X × t separately by pointspread category. I then compute a predicted marginal rate of substitution for each possession using
Figure 1 presents box plots illustrating the distribution of these predicted φ's by 5-minute game intervals. Consistent with the identifying assumption of a zero marginal rate of substitution between time and points during the first half, the distribution of estimated φ ij (X ij t ij ps ij ) values (across point spread categories and score differentials) is clustered close to zero throughout games' first 20 minutes. Consistent with the intuition suggested by equation (A − 2), the marginal rate of substitution begins to vary substantially across game states later in the game, particularly in the final 10 minutes. Source: author's calculations using play-by-play data from statsheet.com merged to point-spread data from covers.com.
